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INTRODUCTION AND BACRGROUND

The Irradiated Foods Commitiee was guthorized on September 10, 1979
and established om October 23, 1979 to provide a total reassessment of all
relevant issues applicable to irradiated foods. Sizce that time the
Committee has beccngracquainteﬁ with the subject and accompanying problems
by reviewing the relevant literature, interviewing appropriate FDA ‘
personnel and intermational experts knowledgeable in the area of radiation
chemistry and'coxicolngical evaluation'(see Appendix I).

The Committee was charged with the following tasks:

l. To review curremt policy. -

2. To exanine the foundation and soundness of that policy and its past

implementation, and

3. To establish those toxicologic requirements apprcpriaca‘ﬁor

assessiag the safety of irradiated food consistent with the level
of human exposure, where\the degree of tastiag is counsistent with
the potentiazl risk a§ predicated on':hgqlevel.of human exposure.
These requirements would be analogous to, and\ccusi#ten: vi:h,‘the
philosophy supporting the Cyclic Review of direct additives.

The Comaittee emphasizes thar this repert is a2 policy recommendation
an& aot 2 peticion, petition guideline, FEDERAL REGISTER (FR) docuzment, or
3 comprahensive review of all dataz submitted oo FDA';nd all zvailable
scientific litarature. We forsee the development of guidelines for

petitioners and a FR document as tasks of future commilttees.
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The intended technical effects from exposure of foeod to ionizing
radiation include: spfout\inhibicion, insect ébﬁ::ol, and the different
food preservation modes vhicﬁ involve variocus levels of microbial
destruction. These applications extend from low dosas for limitad

2

shelf~life extemsion to high doées for complete starilization of foods
(Figure 1). Ig is ng:ewurthy that existing altarnative methods for
achieving thége effects in foods require the use of 2 variety of chemical
and physical means. The versatility of irradiatioa can be seen from the
variety of applications. Irvadiation may be used as 2 substitute for Sfood
addicives (nitrite), fumigants (ethyleme dibromide, ethylene oxide), plaat
vegulators (maleic hydrazide), and as a food processing techaique for food

preservation (ecauning, pasteurization).

Food Sterilizatiom pooe]
Pasteurization pETovese ot o
RO Iasect, Parasite Control
RGOS Sprout Iohibitiom
1 10 100 1000
Rrad

exf

igure 1 - Categories of intended use for foed irradiation.
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Because of these differing applications, questicms have arisen

regarding which provisions of the Federal Food, Drug, and Cosmetic Act are

relevant to irradiated foods. Regardless, of whether ome considers the
source of radiation as an unsafe "food addirive," or whether the food is
adulterated because of exposure to radiationm, or whether irradiaticn is

viewed as a process, the safety requirements for i{rradisted foods remain

-

*

the same.
Microbiological concerus for the safety of irradidatsd foods azre
substanzially the same as those for other methods §f foed preservation zs
expressed ia the Bureau's 1967 Staff Seminmar R;parn: Radiation
Application to Foodl and Joint FAO/IAZA/WHO Expart Committee Repor:t:
Waclesomeness of Irrgdiaced Faa&z. For exaﬁple, the Qraditiaual heat

processing of canned foods to provide a sterile, shelf-stable food is

Sased on a specific ghermal kill crirerion for Clostridiem botulinum
spores. Tais criterion requires that the heat prqce#sing raduce the
origimal spore count by twelve log units ("12D grccass"j. The parallel
process utilizing radiation starilization of foods (radappertization) is
evaluated by the same standard of efficacy as the cényeg;ional»thernal
processes. The 12-D dosa waries with the particular food ivradiated; Zor
pork, beef, and chickgn this dose has been found to range from 2.4 to Q.?

Mrads and defines, in each case, the "sterile dose.”
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From a number of studies on the radiation stability of vitamias,
proteias, fats and other uuc:iénns, it is kndv; @hat.saver;; nusrients ara
sensitive o degradatiom by‘ioni#ing radiation (see also Appendix II) .
This semsitivity, however, depends not only upom the nature and
composition of the food system, but also on 2 mumber of controllsble
factors such as the dose, characteristics of the radiation used,
temperature of the product being irradiated, and the relative presence or
absence of oxygen in the prcduc::enviranmgnt dﬁring,izra@iacian. Bence,
the descruction of ladile nutriemts can bevaininizéd by careful selection
of the conditions for irradiation. Some of the macronutrient components ~
amino acids such as cystine, methionine and tryptepaan, for example - are
more sensitive to irradigtion than others. The azzuacs that are
destroyaed, however, are usually insignificanc compased to the usizsadiatad
food or to a product treated by a coaventiomal process. Criteria for the
safety evaluation of the nutritiodal adequacy of irrvadiated foods, are
essentially identical with those expressed in the 1967 report. Waen
irradiation results in the significant loss of impertant micromucrients,

enrichment may be considered appropriate. .- .. —

For past safety evaluation, toxicological indices and protocols wers

-

applied to irradiated foods as if the whole irradizted food was a discrate

chemical entity similar to a "conventional" food additive. It was

recogunizad that there wera problems associated with

such studies. The

»

zost sigaificant of these problems was to achieve dietary concemtrztions

of tha food additive in the animalyces:s which would be muleifold

..axaggerations of concemtraticns to waich humans- would be 2xposed. Mamy
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focds constitute a significant percentage of the human diet (see Appepdix
III) and significant exaggeratiom of these cannot be obtained without
disturbing the mutritional balance of the 1abg£atcry':esc ariimal.
Solutigns to these problams vata not readily available with the state—of-
the-art iz toxicology and igkéhéAchemiszry of irradiated foods art that
rime. Significant progress had been made in both of these areas in the
eésuing years as will be discussed.\

Toxicology is an applied and intggratiVe'science and it's progress
relies on the davelopment of new informaziocn iz the basic sciences,
improvements ia te2st protocol design and exgcufion,‘as wall as on :the
coantinually g:owing/volumg of information on the toxicolegy of 2 varierty
of chemical classes.\ Quz understanding of the molecular changes
undexrlying many gross toxic effects has iuncreased iﬁnensely since 1967.

Secausa cf the incraased public awaremess of potential harm from the
growing numder of chemicals in the human enviroument, there has been a2
izpetus cowards the 3eve1cpmenc‘qf new and improved toxicological tests.

-

The area that has regaived the gfeacést attention over the past ten yezrs
has been the development of shd:x—teru tasts for detecting chemicals wizh
mitagenic activity. The initial reason for the development in this area
stezmed from the concerz that chemicals would cause mutations that would
be deleterious and thereby increase the burde# of inherited diseases in
future generations. ﬂcre recently, Qhe high costs (bath~mcnef zad tims)
iaveolved iz ob:aining data from mammalian biocassays have motivated the
develcpment of wore rapid methods for detacting chemical carcinogeas. The
empirical demonszration of a2 high corvelation betwsen cntfgenicity aad

enicity is 2 sufficient basis Ior astzblishing 2 vola for
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R mutagenicity testing as a predictive tool for carcidogenicity. -That thers
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. i is evidence for a mutational cowponent inm some types of cancar

(retinoblastoma, maiignan: welanoma, etc.) lends additienal credidility to

o e vt

the predictive use of such tasts.

. Much has been writtan on the curremt status of the various

' toxicological tests and s:raﬁggies of their employment. Because of the
general awaraness of this progress within the scientific community an
additional comprehensive review of the state~of-the-art in toxicology was
considered umnecessary by the Commizsee. Certainly, it has been necessary
for the Committeae :o‘becqme aware of the cﬁrren: proceduras. In this

. context, we consulted wiﬁh Bureau staif who are iavolved in the

; Sensizivity of Method (SOM) and Cyelie Review.decudauts,\as wall as

examiged the toxicological tests curvently being usad by the Imteraatiomal

?roject in the Field of Food Irvadiation.
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As a basis for further discussicn and to clearly outlide the reasosms
. P . :
N for reliance om the results of chemical amalyses of radiolytic products as
” an important factor ia safety ef#luation, kay features of food irradiation
chemistry will be reviewed. This review will briefly comsider the
s%gnificance of each characteristic of radiation as it defines or limirs
the changes brought about in food or food components.. Hére detailed
discussions of these issues are available in the scientific 1i:er2tur33.
Ionizing radiatiom is, in comparative :eruﬁs high emergy. Radiation
quaata iz this part of the electromagnetic spectrum are éa;sursd ia
millions of electron volts. The eﬁergy source for irf:dia:ing foods may
be a decaying :zdicacﬁive nuclide or 2z machipe=generated slectrom beag at

energy levels below 10 MeV. Singe 2 photon emergy of 10 Me¥ is near the

cizimu=m leval tequirad to imduce razdionuclides, these is no sigaificant

radiocactivity azbove that. due £o naturally ocurring isotopes induced in

‘ irradiacad foad®. Both radiatiocm sources result in essentially the same

scheme of chemical events in irradiated foed. Of particular interasc is

the absolules amount of energy absorbed by food. This absorbed emergy is
the quantity which astablishes the net poctential for molecular alteration,
Tegardlass of how emergetic the soutrce emissions are.

Total absorbed enérgy is expressad as radiation dose, typically in
rads or grays. A rad is defined as 100 erzs/gram oz 1072 joules/kg.

The new iatermaticnal umit of radiation dose is the gray (Gy) which equals

100 rad. (The more familiar unit "rad” is used in this reporz.)
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It should be emphasized that the total éaergy absorbed is smgll for
even the largest an;icipa:e& dases (starilizatgéu of red Qgéc). For
example, if all the\ene:gy absorbed in 3 one megarad (1 Mrad) dose were
conver'ted to heat energy the sample temperaturs would rise enly 2.4°%
per wmit weight, assuming the food sample had the heat capacity of water
(1 cal/®c). This is abeut 3.3 percent of the energy ueeded to raise the
temperature of water from room temperaturs to its boiling point. Om 2
unit weight basis then, these radiatiom energies are much less tham those
absorbed in cooking. . |

lonizing radiati;n results ia the formacisn of free radicals, which

are characteris:icaliy unstable and Qery reac:ivg'chemical intermadiates.
‘Free radicals in food are initizted either directly by iateraction with
high energy electrons, or indirectly, primarily by reaction with hydroxide
radicals and low energy‘solvéted\elec:rcus.\ These latter two species
result from the radiolysis of water and are the primary radiczl isicizcing
agents rasponsible for ché formation of most of the subsequent radiolysis
products. Comsaquently, the amount of water ia a given food and the
extent of aydration of various food mclecnlés_hés a’ptoféund influence on

the quantitative and qualitative aspects of the radiolysis yield.

. *
Most free vadicals are short~lived intarmediates; their intriasic

14

raaetiviry emsures that they will normally vesct within fractioms of &
second after their formacion to form more stable molecules. TFTrse radicals

with half-lives of minutes are nof uncommon particulsrly at low

'} eamreracures and in enviromments which limic their diffusion. Frae

radicals zre not entizely indiscriminate in selecting a veaction pathway
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"o an end product., The actual mechanistic pathway is influemced by
canven:ianal_chemic;l factors such as concentrztions of possible
reactants, the relative rate comstants for competing reactidns, azd the
mobility of the radicals. As a result, these parameters confer
considerable mechanistic selectivity to a given radical and serve o
constrain and therefore limit the types of resultant, stadle radiolytic
?;uducts (Res) formed. | .

RADIOLYSIS PRODUCTS IN FOOD

The chemistry af'fccds, isolated food;;umponeﬁts, and various =odel
food systsms axposed %o icniziﬁg radia:icn)bas'Been exteasively
investigated, especially im anm attempt to idencify the RPs formad. ‘Foods,
toth irvadiated and gnirradia:a&, are cheaiaallf complex and may contaia
aundreds of discreté‘chemical species. Since many of these compouzds zre
sresent ia the low ppm (ar ppb)/fange, ihe complets chewmical
characterization of food is technically ncglfe;sible.v Eeace, while the
radiglysis data available in the secientific literature are insufficient to
sompletely catalog the identity and quantity of each RP formed in any
particular irrvadiated food, thisibody of daca circumscribes the type and
amount of radiatioen chemistry wh}ch is likely to occur iz foods. The
estizmation of the following two factors are,of prize importaunce ia
proceeding with a ratiomale for the séfety evaluation of irraéia:aﬁ foods.

A. The probable total yield of RPs in food as a §uas:ian of zbsorbed

ra2diation dose, and

3. Some assessment of the fractiom of these RPFs which are wmique

radiolytiec products (URPs) to the irradiated focd.

-
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TOTAL RADIOLYTIC PRODUCTS

The quantitative yiald of RPs in food is péima:ily a~fﬁeption of the
magnitude of the absorbed radiaticn dose. Bowever, secondary factors such
as foo& temperature, composition, viscosity, and enviroument zre
recognized as important to the quantity and type of RPs fdormed. These

latter parameters can often be comntrolled and optimized to provide the

most desirabla produc#.

The amount of radiation absorbed reméins the first criterion however,
in determining the amount of radiztion chemistry which occurs. Results
fzom the Army's high dose program om high protein meats, as well 2s those
from numercus model s?stams,Nsho?«thac radiolysis yialés may bde
characterized as gemerzlly increasing limearly with sbsorbed dose. In
addition, based on the emergetics of iom pair pfcducfion,\the yield of gew
species Zormad (equivalent to RPs) can be calculated from tha following
expression:s

Yield (in meol/kg) = Dose (krad) x G x_10‘3
vhere G is the numbaer éf moleculas formed cr:dast:o?&d;peﬁ 100 eV absorhed.

It has been shown that G-values detatmined from the irradiationm of
individual compounds ia solution, or frem the eradia:iou’of sizple
mixture (model systems), can be used to predict the total G-value in the
actual food ma::ixs.

The utility of G-values for astimatiag yields\ia i*radiaced foods is
erhanced by the disccvéry that individual food compoments tand to produce
she same radiolysis products when isalazed, ar wiea occuring as uatural

~ .

.7 , . .
compenents of complex foeds’ . Army research workers at the Haecick
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tabaratory have found ;ha:, quﬂ%iza:ively; the RPs formed from the lipid
e fractions o§ beef, chicken, and pork are largely_sinilare~.rhe quan:icies
of these RPs are dependent omly on the proportion of fat in the irradiated
meat. Expected cross-over RPs are thus minimal; forjaxgﬁple, the reaction
between lipid-derived and prptgin?de:ived’Srae~radicals are found to be
limited by reac:ionsEaecurriqg\a;rass interfacial regions between tissue
pﬁases in meat. This‘apparent "ccm?aftmentali;a:ian" of food compouents
considerably restricts the spectrum of possible RPs likely to oceur withia
or across classes of foods. Thus, foods of similar chemical composition,
irradizted under similar conditicus, will ueuc;in(ags derived from common
precursors and such irradiated foods may regscnably‘be'viewed in 2 gegeric

sanse.

FTor purposes of estimating the zotal levels of EPs inm food, 2 value of

GI=1 nas be2n selectad. The results noted above, 2s well as those from

ol 4

. 7 ( ca s . - ;
the Natick Laboratory, suggest that if food irradiation practices

result in an organcleptically acceptable product, the actual G will be

, T
adequately characterized by this valuse. Inkpraccici,‘vé;h various foods
znd conditions, this factor may at times be grsatar or less than ene, bu:z
curren: informarion supports waity as a reasomable policy-making
assumption. Variations of GT of plus or minus 100% should"po:
significantly alter the argumencs based on an assumed value of G=l.
Therzfore, as indicated by the above equaticn, a dose afﬂl Mrad will yiald
1 millimole of total RPs per kilogram of irradiated food. Assu=ming an
average RP wmolecular veight of 300, one kilogram Ef food irvzdiatad at |

., Mrad will contain only 300 vg of newly formed chemizals.
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TASLE 1
e EISTIMATES OF RADIOLYTIC PRODUCTS IN IPZADTATED FOODS
st Radiation Dose ‘ (3)?ield of all Yield of all (b)Yield
~ (krad)  (Evencs/100eV)  RPs im Food ~  IBs Lf H9=300 of Oii:
| , (mmol/kg). (mg/kg) (me/kg)
10 I 5.01 3 0.3
' 50 1 | 0.05 15 1.5
100 1 0.10 30 3.0
1,000 1 1 00 - 10

(a)-vield (in mol/kg) = Dose (kzad) x Gp x 10™3
~Assumes only 10X of RPs are umique (sese rext)

UNIQUE RADIOLYTIC PRODUCTS
Waile the yield of cotal RPs from a given irradiation dose may be
subscantial ia toxicological terms, only umique :a&iolytic products (URFs)

should be of concern. For example, incre;sé§ in tha"fat:y’aci& oT azmine

azid conteat of a2 foad due to the radiacionm induced break-down of

triglycerides and proteins simply inarease the amount of feod °
constitutents normally present. — -
Unique radiolytic products, although defined here as sybstances not

found in the unirvadiated food, may alsc be common constitutents ia the

human diet. The true extaat of the dietanvwﬁgﬁiqugngsa” of URPs is
scmewhat tenuous, due largely to the paucity of informatioca on the
composition of both processed and unprocessed foods at the parts per

willion level. It is quite possible that radiclytic compounds now

classified as unique ia irradiated foods alsc occur im foods which have
deen processed by conventicual thermal methods. Ixamination of the most
complete set of available data on RPs in food will serve to illustrace aad

@ oy
-~

% document the significance of distingwishing becwaen tocal RPs and URPs:

The U.S. Army's high-procein food sterilization program pravides detailad
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analysis of volatile species identified in raw beef irradiated at 3

wraa®r?, These volatiles consist of a2 nearly homologous series of 65

R?Ps de:iveé primarily frcu\:he\:adiolysis of the triéiyceriées from the
beef lipid fraction. Of the 65 volatiles, 23 wers also identifiad in the
thermally s:eri;izedéccnc:sl,\ao that 42 wers unique to the irradiated
product (URPs). EHowever, of,chgse»éz‘URES~auly six could not be

»

identified ig_the vola:ila‘fracﬁions of other gcuirrédiated fccdslo.
Thus, only some 10X of this particular subséc of RPs (the 65 volatiles)
are in fact URPs. The structures of these six URPs are typical of the
molecules identified as ocecurring in other Eoo&ivolatiles, and are similar
to natural ﬁco& cousitituents.

Although, this example is taken from a serias of RPs which .happen Lo
be associated wirh a volatile E:#c:ién of irradiazed'fccd, there is no

a2pparent -eason to believe that they do not also typify the relatiomship

of non=~volatile RPs and URPs to one another, and te the fractiom of RPs

which are consitutents to be found in other nomn-irradiated foods.
Cartainly some URPs will be formed which are structurally atypical of
parent food molecules. Such URPs may be frae radical coupling products of
lipid and protein derived radicals, forming various coupling ccmpounds,.
dimers, 2ad cross-linked products. However, enzymatic hydrolysis by
digestive enzymes is expected Lo process the hajgri:y-of,such URPs to
yizld normal moleculak subunits, such as tha,iaity acids, amino acids,

Bonosaccharides, and further subunits of these components, which would

have resuliad from the normal digestion of the orginal parent meolecules.
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Additionally, comparisous have been made on the types of RPs formed in
‘{\ irradiated fats with the thermal products formed ia §gaﬁad'%f thermally
" oxidized fats. These studies abso>indicate*consiéagable product
similaritiss. Thermal decomposition products from fatty acids,
triglycerides, and fatty acid mgthyl esters produce a spectTum of
n-alkanes, l-alkenes, ketones, aldebyes, lactomes, dimeric hydrocarboms,
aicohols, COz, co, EZ? and dimer’acids<and es:e:sll. The dimeric
compounds iden:ified iz heated methyl ocleate were found to be structurally
quite similar ¢o dimers produced by irradiation;af potassium oleate.
From the above comsiderations, it is reéscnable e assume that the
URPs constitute 10 percent or less of the total radiolytic product yisld.
The last ecslumn in Table 1 shows the expected quantity of tﬁia; URZs at

various irradiation doses.
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1980 POLICY RECOMMENDATIONS

The Committee's main task was: £o establish those toxicologic testing

-~

requirements appropriate for asséssing\chersafety of irradiated food,
where the degree of ﬁes:iag is compatible with the potential risk as
indicated by the level of hunaﬁ,eprSure. Based on what we have learned
fqan our review of all aspects of food irradi&tian, it i; apparent. that
any toxicological testing rquizggenzs must zlso be ptedicacad on the
amounts of new chemical constituents generated by the irradiation process
(URPs). ZHence, the components of asy new poliecy for ass%ssing the safary
1 8 .
of irradiated food are: 1) prﬂjec:éd levels of human axposure; 2)
qualitative aand quantitative estimates of URPs; and 3) state-of-the—art
seqsitive toxicological tasts.

While numerous efforts to estimate food comsumption have been made, iz
is generally recognized that no single approach prcvides sufficiently
accurate data. Hence, our projection of human gxposure Lo irradiated
foods will necessarily suffer the same limita:icns. . The committee
utilized estimates of a) total food cgusuaptioﬁ, 5)'die£zry items proposed
for irradiation and, ¢) the percemt of each dietiry item waich may be
irradiated. (See Human Exﬁasure, Appendix III). These factors will vary
with the specific food under comsideration; however, 2 rough estimate
based om these factors suggests that 10X of the tocal diet may cqnsiscvcf

irrvadiated food im the near future.
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Calculations based on radiﬁﬁion‘cheaiscry clearly indicate that

irradiation doses of 100 krad or less yield a Eancan:ra:ia57af total

! - . -
radiolytic products in food that is so limired that it would be difficult
to detect and subsequently measure potential toxicelogical properties. Inm
addition, at this dose uni@ua radiolytic products will be om the order of
3 ppm, and since thezaugher cﬁtipdividual 3393 is likely to be greater
:Aan ten, the- amount of any particular URP? will be considerably less than
1 ppu. Fiually, our estimates of URPs may be exaggerated.

Hence, because of the low level of total qﬁ}quﬁ‘:adiblytic products
produced, it is concluded rhat fooé,irrgdia:ed at doses uot exceeding 100
krad is wholasome anﬁ safe for human consumptiocn. This ratiocnale is based
solely on an estimate of the coucentration of imdividual URPs produced by
the radiacion dose to the food, and pertains evem if a high propertion of
the total human diet is irradiaced at 100 krad. GZowever, there are foods,
such as spices, which ccmp:ise»ag;? a fraction of é percent of the human
diet. It cam be calculated :haﬁ_;'food which comprises 0.0l percent of
the diet and is irradiated at doses up to 5 Mrad will contwribute
radiolytie products to the daily dier at a level loﬁer than a2 food
comprising a sigmificant fraction of the diet and irradiated at 100 krad
(see Table l). Comsequently, foods ccmprisigg.no more than 0.0l percent
of zhé‘daily diet and irradiated at 5 Mrad or less will alsc be coasidered
to be safe for human consumption without toxicolagical taéting. Tais
recommendation based on anticipated levels of human exposure, is

consistent with the charge to the Committee.
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The proposed gemeral policy concerms the siogle irradiation of food

comaodities. Selectad instances of food irradiation may present movel

-, -~

consideratiouns: - for instancé,iz petition for a processed food may be
received whers one or more of the canscitugnz Tav comngéi:ies has been
previously subjectad to irradiztion. Sigece it not possible, at this time,
to predict the situations whers such condizions may occur, they must be

considered on.a case by case basis.
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TESTING

. Foods irradiated a2t doses above 100 Krad and comprisi;éfmare than
0.012 pf the diet are estimated to con:aiufUR?s/in sufficient quantity to
warrant toxicological eialua:ian.y\Th: ncu~nagmali;n<mntagenici:y tests
offer a level of semsitivity not practically a::aigah&e in whole animal
tests, and recalling that #any URPs may be similar-chemicall; co
substances oéﬁurring naturally in\fcods, thgsé tests are consideread
appropriate tools to evalua&e’che*pctencial\ca:cinogenici:y of irradiated
focds. The tests racomsended are 1) gene mutavions in bacteria, with and
without matabolic activatiom, 2) gene mutations in culfured mazmmalian
cells, 3) DNA repair ia mamsalian cells, and &ﬁ recéssivarlezhal mutations
in Drosophila. These test are considerad to bé‘:he minimum battary.
Requests for substitutions for any of the above tests should de justiZied
and will be consideréé\on a case by case basis.

Beczuse of the anticipated low level of individual radiolytic products

present in the whole irradiated food, the above fasts must be performed on

extracts in witich the concentration of radiolvtic »roducts is maximized.

4lso, many of the radiolytic products from polysaccharides and protains

BEN AN, NS

will be large molecules and will oot penetrate the cell membrame ia the iam
vitro systems, hence the use of enzyme digests is recommendad prior to the

coucantration of URPs.

s
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In addition to the short-term mutagenicity tests, foods irradiated at

~doses above 100 krad must be evaluated in 30-day feedinmg studias in two

species (oze rcdent,‘oue noo=~rodant). The\?@qdéy ro&en: te;E stould
include ia utero exposure. To assure chat the test animals zre exposed to
the highest comcentration of radiolytic products poséible, the irradiazted
food may be lyophilized and incorporated into the animal diet at the
h;ghes: concentration that does nht»gamp:cmise the gutritional
requirements of the test species (see Appeadix IV). It is not gecessary
to test enzsme digests of the irradiated food im these tssts sinmce each
rast animal provides digestion of food com;ane;ls befo:e\sys:emic
absorption cccurs. BHigher doses of particular radislytic products may be
obtaioed if the selectively extracted a=d concentrated material used im
the short-tar2 tests is employed; however, ik is racognized thal =uch
zreater quantities wqula\be needed for ia_x&gg testing and thus would mzke
this latter suggestion extremaly difficulr and expeﬁsi§g to effect in any

practical sense.
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CRITERIA
Unequivocal megative respouses in the requzféd taszs';iil be
sufficient to establish the safety of the irradia#ed»food,unde: tast,
sPositive responsas o§taincd in either or both of the types of required
tests may ;rigger additional evaluation. Positive mu:zggnic‘respauses
suggest potential ca:cinogenicity and hence would/uecessitiate the
performance of the chromic mammalian bioassayftasts. The minimal
requirementcs for positive mnnaggnic,efféct is the cb&ervg:ion>cf positive
respouses ia at least two of the short-term tasg systzms. The rztionmale
for requiring two positives is to reduce :ne'prcbaﬁility of conducting
further tests on the basis of a false positive or a species specific
response. The results obtained in the chromic tasts would either comfim
or negates the posi:ivgzresults obtained in thehsho::-ﬁérm tests battery
regarding the carcinogenic potantial of the irradiated f&od; and, the
re;ul:s cbtained iz the chronic tests would Ye cousiderad to be definitive.
In the 90-day studies, a variety of toxicological emdpoints are

evaluazed and it is not possible 2 priori to determine what follow up
tests may be required. Such decisions can only be made upon evaluation of
actual test resul;:. ff the results obtained ircn*:he°studies indicate
teratolegical or reproductive effec:s, then tﬁe irradiated food must
uwndergo teratological testing and/or reproductive caszing‘via a three
generation reproduc:ién‘s:udy. The overzll procedurss for establishing

the safety of an irradiated food is displayed in Figure 2.

-
e
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Figure 2‘Safe:y Decision Tree
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™~ The earlier section on radiatiou chemistry discussed the

GENERIC
generaliza:iqn that the RPs formed are more a fumction of'tgg chemical
composition of the food than gpe irradia:icu\d9§e. Thus, foods of a
similar chemical compési:iau would be expected £o generate structurally
similar radiolytic prﬁduc:s. Thg:efgre, when two or mﬁrehfcohs are of
sufficient similarity with respect to both chemical compesition (lipids,
carbonydrates, proteins and water content) aad conditions of iriadiation,
they may be viewed in a geﬁeric\sénse for regulatory purpeses.
. A

Cemparability of radiation comdicicms is dependent upon the respective
radiation dose, produng temperaturs and ambient atmosphere during
irradiation. ‘Eence, téxicologial'data obtained from a given i;radiated
food item may be applicable for another irra¢ia:ed food iz the saxe

: generic class. 1In addition, safety data collecced frqa:facd Lrradiated at
high doses are applicable to membérs of che,same~geperi; class receiving a
lower daselz. |

This generic policy is an extensior of the priaciples set forth in the

general policy for evaluating the toxicity cfiirvadiated,fcods and is

based upon the significant research which has been conductad in the areas

of food chemistry ‘and the chemistry of radiolytic products..
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DEPARTMENT OF HEAL‘I‘h EDUCATION, &X\D \\‘.EI.F ARE

FROM

SUBJECT:

MEMORANDUM

.

PUBLIC HSALI'-I SERVICE
- FOOD AND DRUG ADMINISTRATION

Sanford A. Miller, Ph.D. / - DATE: - September 7, 1979
Dirsctor, Bureau of Foods EFF-1 . -
Through: Dr. Albert C. Rolbye %‘C,{
Associate Director for Scisndés HFF-100

Eerbert Blumenthal, Ph.D.
Director, Division of ToxicoldEy

Establishment of 2 Committee to
for safery evaluaczcn of irradiataed food.

Nead

—————

4s you are undoubtadly aware, interest ia‘*focd irradiaztion has been
inereasing recently. The USDA is seriously considering spoazsorsiip
of a2 food irradiation program that is now befﬂg conducted by the izmy.
Ih y see potential for rzdizticn replacing nisrite 2s 2 prassrvative

in bacon and possidbly othex gured meats., Taesz is z significanc
potential for radiation replacing ethylene oxide and ethylene dibro-
mide, which are-currently used as fumigants for fruits and spices.
Soth fumigants pose toxicological problems. The USDA, the ZP4, as
well z2s industry people hzve c¢ontacted us regzzding thesz potential
usas.,

Alchough various clearances for irradiated foods have been scught
since the 1960s, and although considerable resources have been
expended in trying to establish the safs use of irradiated foods,
there has been little in the way of positive regulatory rasponse.
Instead, petitiomers have been frustrated by what thay perceive as
a2 continuation of often excessive regulateory requirsmests aad our
scientists have been frustrated by what they pevcesive as pac; and
inadequate data with which to evaluate safety. In liznt of what has
cbvzausly been a failure in unde*suandzng and because of our chan-
ging viaws asbout toxicologic requirements coupled with the uniqus
problems associztad with the. tcﬂ.cologzc evalugtions of Zood com-
=odities and the lil e‘-nood of increased activicy ia the Bursau of
Foods regarding food irradiation, we recommend that a comzmitiee be
appointed to reevaluate and dactermine criteriz, cousistent with
current tcx*cnlog-ca‘ knowledge, to assess the safaty of irradiatad
foods.

Ragson

B L ]

In 1938, Cangrass declared 2 source of radiztiom to be a food
addihzva for ourposes of tha food gddicivesVaaendnaaxn Eaxl
safety studies wers based on priaciples of traditional toxi-

cological tasting app:apriage for food additives. Two problams

eview, evaluace, and recomsend criterd
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were encountered:  food csuld not be irradiated at h.gh dosagas to
obtain a safety factor without drastically changing the producs; and
tasting the food itself at mildly exaggerated levels can lead to
unphysiological diets.

Many millions of dollars have been spent in the intervening twenty
yaars, particularly by the U. §. Governmezt, to izmrove the tach-
nology and to demomstrate the safety of these irradiated foods., The
FDA outlined the type of information nesded zo demonstrate safety ia
%ay 1967. Yet, after all these years of effort only & few minor uses
of food irradiatiom have been apgraved and those approvals occurrad
beisra the 1967 FDA guidelines were issued. Tha resulc of most
studias was neither a demoustration of safa:y aar & diséovery of
potantial problems, but another compilatzionm of work whose resules
could not be conclusively assessed. .
Alcthough many of che early failurves to 2chieve ragulstery approval of
irradiated foods can be attributed to studies which display problems
of laboratary performance, more recent studies have suffered from az
overvhelming complaxity of design. Such changes in evperimenzal
design have been mada on a more or less ad hoc dasis withours z full
reassessment of the whole range of i:radiagion and - irradizted focqs
In light of the new intersst in irradiazcion as 2 so1uglca Lo som
cuzreat food additive and pesticide problams, we feel that it is an
appropriate time to reassess whethar the Tequirements for demea-
strzting safety, outlined in 1967, are the best way of addr essing

the safety questions consisteat with today's knaw1edge and with the
peculiar problems posed by irradiacad foods. \

Burpose

Tne purpose of the committes will be to guarantes 2z full rezssessment
of all cogent issues applicable to irradiated food. To accamplish

-this full reassessment, we recocmend establishment of a commitzee of

IR AT 10 L WUV M A
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seieatists who have not pravicusly played 2 significant role in
devalopmant of FDA policy on irradiated food. This committes would
prcf-u from the application of a fresh outlook uiealoved by tha bizs
of past iovolvement but at the sazme time i would be expected to
draw on the resources of those people who have had the background aad
exparience for having been deeply involvad with FDA -*radxat=c food
paliey.

-
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Page 3 - Sanford A. Millet,iﬁh.n.
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The scope of this committee will be:

1. To Teview currenmt policy and critic.l aspects of its
past iapleman:ation,

2. 7To examige the foundation aud*soundneSSVof that‘policy, and

5. To establish those toxicologic requirements agp:eur*ate for
2ssessing the safezy of irrvadiated food consistent with the

level of human 78, whers the degree of testing is
counsistant with tha potential risk as predicatad oam the
- level of human exposure., These Tequirements would be

analogous to, and comsistant with,.the philosophy sup-
porting the Cyeclic Review of direc: addm:.vas.

Function
1. 7o zequaint themselves with the problam by reading appropriace
documents, hearing. presentations, and questioning persons

kﬁ:nledgeaale‘iu this araa. (Month 1),

2. To plan an approach for cmmale:xng the task znd submitzing iz
to the. Dzvisxcn of *oz-calcgy. (Month 2).

3. 7To provide z draft report of conel usions pd-} bhe appropriate
Divisions. (Manth 8).

4. To submit 2 fipal report (Mazy 1980).

Struc:ure

- We have designated the follawmng scientists from the niv1szcn of

Toxicology for this dommictes:

(1) Dr. Lawrence Valcovie, T-170 (Chaxa.an)
(2) Dr. William Greezr,: 2~:~LBO
* (3) Dr. David Haczcan, ‘HE?*IB}

Re are also requesting 2 vapresencative from:

(4) The Divisica ¢f Chemistry - to address quastions on Tadig-
lytic products formed and the effact of vari iablas ZIa tha
process (dose, t==:e'atnre ai:, marrix).
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(3), The Division of Nutrition - to dddrvess questions oa radiztionm
eifscts on nutrisnts. - -

(6) The Division of Food and Color Additives - to assure that all
ignificaat issues and rasources are identified, and te serve
as Executive Secratary. (Ve unde:szzﬂd that Mr. Richard Ronk

has deszznauad Dr. Clyde Iakaguca* for this role).

We expect :hevcomzi:zae will need to draw on the rescuzces of the Division

of Mizrobiology and che Divisicn of Food Tachnalc;y from tima to tizma, bus
nothing extensive is anticipated a2z this time,

Rasaurcés
Wa believa that the cooplexities and cris igal aature of this task will
Tequire 3 lavge gommitmens ;i tize from perscons or this task force,
cc_aszonzlLy -ang ing as high as 307%. It will alse requize 2 lesser
amount of tize Srom Tesource people on who= the comzittese will draw,
We expecs :ba neéc for some monatazy ass‘sgauze zo brin ng in outsida
csusulzancs wich special areas of expertise.
Racommendstion
we Tecommead that authovizazion 52 given to appoint shis commitstae aad
chaTze =he mazders with thair task.
Eezbert Bluzenthal, Ph.D.
RECOMENDID COURSE OF ACTION B

: 7
_Disapproved Date ?://Q//‘/
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Thomas 3urms, American Spice Trade Associatiom. - -

Irwin Taub, Natick, MA.
Johz G. Beri, Nutritiomal 3iochemistry Sectiom, NIH, NILAMDD.
Jack Schubert, Hope College, MI.

- W. Urbain, FDA Comsultant, AZ. ) .
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Many of the resquiremen:s tn\&gunustrata :hg;#u::iticaal.s;fety and

jequacy of am irzradiated food that were specified in the 1367 FDA
document are still valid and, cousequently, remainﬁbasicélly'uachaaged.
New "1980" critaria for cthe safaty evaluaztion of the outritional adequﬁcy
of izradiated food, as comtaimed in this sectian, essentially consise of a
éla:ificazion"or expansion of the l?&?’décungnt. New general or specific
recommendations made elsawhere ia this document, which ars different frem
those made by the nivisiqn'of Huc:i;ian in the 3957/do¢uman:5 superceds
the older recommendations or guidelizes. Iiude::’ the current crganizascionzl
structure within the Bureau of Foods of FDA, assessment cﬁ/auczi:ianal
factors in food addirive pecicions, inqluding{:hosa.fo:‘i:radia:ed £oods,
aTe examined by the Divisiom of Wu trition which is pars oi/ the Qffice of

j¢ Associate Director for Nutritiom and ?ood,Scigntaé,

Io keeping with one of the fumctions of the Divisien eof Neerisionm,
azmely, ta-develop'ani.reccuaend.:agglatcry”agpragnhéa,:ulmaiﬁzai;;a:
izprove the autritcional qgali:y cf~:he‘ua;ionalepcd supply, any petition
for approval of an irradiated food shculg‘prpvide~sug;at:ingzdaza =)

demonstrate chat the levels of cha:ég*tarizingfnutriam:s, particularly

essential ausTients, will be either maintained or improved in comparisoc

%o a2z existing process that the icradiation process would replace. TFor

axzmple, it should be shown that the proteins, thiamin, and other Xey



mitriencs in irradiation siéﬁilize& beef are~c¢mpaiable‘ca those in a
thermally processad product. On the other 5&&3, there vgﬁié be litcle
}onca:n if an appreciabie reduction in vitamiarcvcon;Ea;wvgre to oceur
since the product, sterilited\beef,,canuains an insignificant amount of
The vitamin and would not normally be regarded by the cousuming public as
a.good source for this particular vitamin. Where there is no appropriate
process to serve as a base for comparison, the effects of the petitioned
process on the quality of the product will be assessed aq‘g case~by~-
case basis taking iaro éonsideratian economic acd other factors. These
conditions do not, hcwever,.dﬁhiuiah the importance of thg/twc~pa:t
question in the 1967 document which listed chevfalldwing as -foeci wich

regard to the nutritional aspects of am irradiatad food: 1) if 2 food is

-

an izpertant souree of oze or more mutriears or mutri:s

.

gualities essential for optimum health in any diet, does the proposed

| L

onzl propertias ot

irradiation treatment of the food cause it to be adulterated or devalued
such that it is nuc:icicﬁally inferior to the umirradidated food?; and 2)
if yes, does it pose z potential publiec health gutriﬁicﬁ risk for
individuals in the population? It is to be noted that the first part of
the above question would more,apprcpri#tely involve a2 comparison, withina
reason, betwsen an irradiatad food and the food trezted by a couventiomal
process. This is regarded to be mqfa apé:cpriate«chan, but should not
completely supplant, an avaluation §£/che nueritional gqualities of a food

before and afrer irradiation.
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In the 1967 policy statement, nutritional quality was statad to

73 include the following: - - - -

-

J l. wvitamin coutent, stability, and\physialcgical gvailabilicy,
2.  fat content, quality and essential fatty acid composition,

3. protein quality,

[ .

4, digestibilisy of fat, carbchydrate, and protein components of a
food, and the availability of the pcteﬁtial biological emergy
derived from them, |

5. -the absence of én:i—mgtabqlites,

6. the absence of ;oxic degradation ptddu:ts:ef radiation~seasitive
nutTients and nutritional adjunces (for example, carragesezan,
starch, emulsifiers, artif?cial sweenenars,ﬂiniAﬁ, and

7. the subje::ive qualities of food that mazke iz dasi#gbla Lo eat,

| . such as solor, flavor, texture, and masticatory and hunger

satisfaction.
These countinue to be regarded 3s appropriate faectors for detemmining
mutritional quality with:a qualification that an assessment of the 2bsence
of the toxic degradation products of radiation-sensitive nutrients azud

food adjumcts is primarily a mattar for toxicological rather than

autritional review. .

. -
[

From a mumber of studias om the radiation stability of vitamias,
protein, fat and other nﬁtrien;s, it is known that several nutrienrs are
sensitive to ioni?ing radiztion. Thisysensi:ivity, hcwevér; depeads ﬁo:
onlyyupou the ﬁa:ure and compositien of the foed system, but also on a
waber of controllable féctcrs such as doSe,~temper£ture ¢f the product
! : -y

-/ e : » ) X . ’ . N R :
oelag Lrradiated, and the relative presence or absence of oxyzea iz the



Proaust quring irradiztion. EHence, the destruction of labile nutrients
- can be minimized by*cargfu& selection of the comditicns for irradiation.
f]g Several reviews have been published that deal with the effects of

7~ _irradiation on the nutritional aspects of food '2'>, Some of the

mgcromtrient compoments - amino szcids such as qys;iug,-gethioniue\aud
tryptophan, for exanple;- are more sensitive to ir:#diacian than others.
Tﬂe amouats ;?a: ave destroyed, however, are usually;insignificaut
compared to the unirradiated food or to a product treated by a
conventional process. S#ﬁdie# vitﬁiradia:iad starilizgdtbeeannd radiation
pasteurized chicken show little or ne change ig'conteqc of specific amino
acids, amino 2cid availability and proteia efficiency #atial.

Concerns in the past regarding :$e~foruztign of an amtithiamia factor

in irradiated food are not supported by recemt studies. A repert by

. 5., ., , . . s ,
MecGewan and associates indicates that irradiated chicken znd thermzlly

LT

processed chicken are equally effective in :epleting thiamin-dependent
%100& enzyme levals in Ehi;min~def$?ien: rats. Evean $0, there is ample
published evidence that a numbe:‘ofivi:amius‘a¢e labi;e);u\scaa'deg:ee
when irradiated. Partiéular at:encicn should baafqéuxedycn vitamia 4 and
carotene, vitamian E, vitamin C, vicéqiu~3~12, thiami;, aéd vitamia 3-6.
Although other vizamins and essen:ial‘nuzriegts wust not be igmored, the
zforementioned vitamins are ncted bas;use of published studies that

demonstrate losses in irradiated products.
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As stated in the 1967 document, a getitibn should assure that the

s - petitiomed radiation process i; sound from a n&iritiqul}sgégdpcint by
satisfacteorily demonstrating that the irradiated product is nutritionally
safa and efficacious. In that document, an infgrence was made that
compensation for the destruccion or aICg:aaﬁanycf mutritional factors
would not be excluded from consideratien d@ring/a petiticnur;view. To
make this policy more explicit, restoration of aklabiie~ﬂutrient will be
given considgracion if the irradiation process has the'patential to be
highly advantageous for public health, economici\cr other reascns such as

the extended availability of seasomal or highly perishable products.
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HUMAN EXPOSURE

-

FACTOR 1: FDOD CONSUMPTION FACTORS L .

Ideally, food consump:zan factﬁrs should be based on the quant;ty of food
actually consumed. Such data are not currently available for wost dietary
items; however, a recenc survey conducted by the Unzted Sgaces Department of
Agriculture (U.S.D.A.) is now being amalyzed hy,theiDivision of Nutritiocn. 1In
the past, U.é;D.A. has pﬁblished-dé;a on food cdasumptian based on retail
weigh:sl and household surveysza The retail weight fqoa\consumptiou daca
are calculated irom agricultural p§qdu:tion figures and estimazed loss during
distribucion. The hcuseﬁoldksurvef data are based on personal interviews with
household members and raflec: foed consumprion measured at the level at which
foeds Enter the ki:chan.: Because the household survey data mors closely
Faflec: getuzl consumption than the retail uezgnc data, the tousehold survey
data were usad to generate Table 1 wuzah is cu:rently in use by the
Eavirommental Protection Agency‘(;.A) for tolérance‘sectxgg purposes. This
tzble will be used, in the interim, to estimate the bgmantexpasure‘co

irradiated food.

L]



o

Taple

Average foca Factors

PN ' f : \ .
J?ﬁ“, Crop: t diet Llhs/wk/hcusencld grams/pacson/day

T | \

Almnoncs 0.03 0.03 , - Q.83

Apples 2.53 : 2.48 50.13

* Aprgicots e.1l1l 0.1l 2.23

Artichokes 0.03 0.03 .55

Asparagus 0.14 o Q.14 : 2.84

Avocadoes 0.03 .03 .. Q.38

Bananas 1.42 ) l.3%9 25.1L5

8arley g.03 6.03 0.59

Beans 2.04 2.00 - 40,42

B8eans,dry edible = 0,131 Q.30 6.14

Beans,liza 9.19% \ 0.19 3.77

Beans, snapg 0.98 0.%6 13.44

Beet greeas 0,63 0.03 : .58

Beets a.L7 Q.17 3.44

Blackberries g.03 0,03 ’ 0.39

Black-eyad geas 0.0Q3 0.03 : Q.39

Sovsennecrrieas g.93 0.03 0.53

8luegerrcies 0.43 c.03 G.39%

Broceoli .10 0.10 2.03

_ Brussel sSprouts 0.C3 0.403 0.35

N Buckwneat d.03 0.03 1 0.38

dge, sauerkraye Q.74 0.72 ’ 14.58

’ Canzaloges a.s2 . 0.31 10.33

Carzoes 0.48 - C0.47 3.52

Casabas 0.4a3 .03 \ .38

Cattle 7.18 - 7.03 142,37

Cauliflower 0.07 0.a7 - L.42

Celeczy .29 ' 3.28 - 5.867

Cheese L.12 L.1l0 22.28

Cherzies Q.10 g.l¢ 2,02

Chicken 2.38 2.%2 31,03

. hicory 0.03 0.03 . 08.59

Citzus rFruics 3.81 ‘ 3.73. - 75,54

Cogosa -~ 0.12 0.12 ~ .38

Coconut 0.03 0.03 €C.39%

Coffee g.75 C.73 14.7¢8

Callazdés Q.08 -~ 0,08 ‘ L.82

Coczn 2.32 2.47 -50.02

Cozn, poo g.08 - Q.08 \ L.62

cotn,sweat 2.28 : 2.20 44.5%

Cottonseead Q.13 Q.13 » 2.87

Cracagples 0.03 0.@3 : J.3¢9

‘ - Creaa g.13 Q.13 2.683

, ; Cranberries 0.03 d.43 -~0.5%

N Crenshaws 9.03 0.03 - 0.539

ucuIZers, inc pickl Q.73 0.7. " 14.38

acumbers,not pickl 0.34 0.33 6.68



C:og

Currants

Dansons
Dates
Dewberries
Eggplant
Eggs
Eldecberrias
Escarole
Figs
Filberts
fisa,shellfish
cuiting Vegetaoles
Garlic

Geats
Gocseperries
Grain Crops
Grazefruic

es, inec raisins
es, nect zaisins
Greens

dogs

Honey
Fcneydewnelons
LN . HScasydalls
Eogs
Bucklecerries
Xalae

Xohlrabi
Eorsezadish

Jer Articholes
fumguats

Lealy Vegetableas
Leaks

Lemcns

Lentils

Lattuce

Limas
Loganberries
Macadzmia aucs
Mangces

Meat,all

Meat, red
HMeat,game

nel.ons

Kifaizy Produces
Millec

e Milo
L Mclassas
Musaroons

-

.-v

Curcurbics

Taole I f&éptinﬁé&)

i aiet lbs/wk/household grams/person/day

0003 Q.q3 . ' M 0.59
27.34 2.78 - .. 5§’30
0,03 | 4.03 d.59
0.03 0.03 a.39
C.03 0.493 - Q.59
0.03 0.03 | 6.59
2&77 o 2071 ) 54.89
0.03 R IR § ’ - G.359
Q.u3 Q.03 g.59%
0.03 ‘ g.43 d.s59
L.08 i.06 21.47
2.9% 2.93 , . 3%.34
¢.03 ¢.03 0,53
0,03 .03 0.5%
0,03 0.03 0,59
13,70 13,4l 271.57
0.8%% ’ 3.97 18.64
Q.45 : C.48 : 9.72
a.45 0.44 2,31
0.03 - 0.q3 0.59
3.43 3.38 88,04
.08 g.08 L.22
Q.03 ‘ J.03 g.383
°.03 Q.03 - G.3¢% )
0.03 SECIRES 0.59
J.Jy3 GLe3™ T T T 4,58
Q.03 g.d3. 6.35¢
G.Q3 .04 8.5%
0.03 : .03 - 0.358
Q.03 g.63 g.58¢
90.03 g.4d3 0.5¢%
2.76 LR 5468
g.03 .63 .59
Jd.l7 V Q.17 - 3.44
0.04 o 0.04 6.8L
L.31 - L.28 23.92
¢.17 \ ¢.1l7 - S 3.44
0.03 o Q.03 L o B - B gt
6.03 0.03 0.39
d.do3 Q.93 Q.53
13.83 L3.53 374.41%
La.8sL LQ, 38 214.26
0.09 - c.o8 L.82
2,00 l.98 39.63
28.82 28,90 367.0Q4
0.03 8. 03 .0.59
.03 V ¢.03. g.39..
¢.03 V ¢.q3 : g.6L

0003 ' 0'03 0059
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Muskmelloans
Mustaca Greens
Necrarinas

o Nuts
5;?32_ vats
! Gkra
Qlives

Onions

Snien(dry bulb)
Cnions,green

) Qctanges
fapayas

Parsley

_#arsnips

Passion fruiz
Pawews

Peaches

Peanuts

Bears

Peas

pecans

Feprpermiat

Pepoers

Pezsion Melons
Dizentcs

dineagols
LRAUR3, NCT Prunes
{ kms, inc prunes
% Pomeg fruits
Pocatces

poulcry

‘ultry,exs smicstuc
cunes

Fumskin, inc sguash
Quinces

Radisnes

Raisins
Rasgzerrcies
Rhunazb

Rice

Root Crop Vag
Rutabagas

Rye
lowwer
alisiy
Seedspoa Veg
shallots

Sheep

12lh Fruit,bercies
: sQrghiua

5at

i In

v uiEL  LCS/WA/RCUSEnROLD

9.33
6. 04

0.03
0.03

. e -

OOV OO
[32 XV 2V R UV /.

-« .

0.03
0.06
0.03

6.10

0. 33

€.07
0.06
¢.8L
0.7¢0

0.1l
2.12
g.q3
0.63
.03
0.03
.93
Q.88
g.33
3.23
0.483

Q«OE .

.03
.12
G.03
.03
0.29
a.129
0.12
2.73
5.3L
2.89
8.54

0.0+

d.ll
6.03
.43

0. 04

0.03
0.33

0.3% °

10.78
.83
.03
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Crop ¥ diec lbs/wk/household grams/gerson/day
Soypeans 0.92 c0.90 - l2.18
Speacnrint ¢4.03 0,83 - - G.39
i Seginach 9.03 0.0s - L.gl
3 Stone Fruits 1.25 k.22 24.7L
/ Strawberriss 0.138 g.le 3.63
Sugar Beet Tops .03 : Q.03 0.59
Sugar,canesbheet 3.64 ’ 3.58 72.10
Summer Squash 0.03 - 9.03 Q.35
Sunflower 9.0Q3 ’ .03 - 8.33
Sweet Pctatoes Q.40 .39 \ - 7.8Q
"Swiss Chard 0.03 0.03 - Q.59
Taagelos g.Q3 0.03 - 9.3¢
Tangerines J.393 g.03 . 0.39
Tazo 0.03 Q.43 8.33
Tea Q.07 8.07 ‘ - Ll.4z
Teaatoes 2.87 2.8L » 1 58.97
Tuzkey 9.33. 0.32 - §.48
Tuzaips 0.053 0.058 -1.01
Turnip Graens 0.03 ¢.03 -8.59
Walauts d.03 0.03 ‘ - 0.39
wWwater Cress 0.03 Q.03 Q.39
Waterzelon 1.43 ’ 1.40 28.35
Wheat 10.38 10.14 203.35
= HWintersguash g.03 .0.03 0.59.
“) Youngcerries  0.03 0.03 0. 53¢
N -

B N
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FACTOR II: DIZTARY ITEMS SUBJECT TO IRRADIATION
In the United States only two items are currently apéroved Zor

irradiation:. wheat and potatoes. In December, 1979, a draft of the Codex

»}linen:arius Camnissionfs Recommended Gemeral Standard For f;radia:ed Foods
proposed that irradiaticn be approved for certaia'dié:ari‘items. These
dietary items and the perceat contribution o the diet are listed below in
Teble II. A variety of}dienary items aée’béing tested to determine the
fegsibility of irradiation as a pfaczical meth&d of ﬁacdypreservauicu3.
These dietary items and the perceu@jcontribution to the diet are listed inm
Table III. In,:hé future, irradiation of certaia dietary’items listed in

.
Table III ma2y not prove to be feasible and tﬁus,¢ill not constituta a source
’of human exposure. Hoveﬁer, it appears equally likely that research ia the
area of food irradiagicnzmay demonstrate a néed and/or anvepcuomic advantage

of irradiation as a2 means of food preservation of other dietary ifams.
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T:ABLE II. Foods Recommended b Gade.x for Irradiition
| Dietary Igem \ Perc&nt:qffghefbiet

Potatoes | K 43 .

' Quions ' 0.83

Papaya r | ) 0.03

S:rawbgrrf - 0.18

Waeat ” 10.35

Cod and Red Fish 1.08¥ ’

Caicken 28 )

Rice | .9.:2.5.

21.04 Total

*~Data were available for the category Zfish and shellfish only;
therefore, the figure may bde averastimatad.
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iaoie Lyi. vener roods Considered for Irradiation

Dietary Item

Mushroom -
Spices -

. Garlic

Shallots

Asparagus

Cocoa Beans

Shrimp

Endive

Mango ‘
Grain (excluding wheat)
Beef" : -
Pork

Rabbit

Dried Fruit

Tomate

Peach

Apricot

Cherry

Raspberzy

Grape

s

Perceat of the Diet

*

- 0.03

0.03
Q.14

L
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L3
w0
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00
*
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Total

* ~Datz are not available ou these dietary items
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‘| FACTOR I11: | IARADIATION OF INDIVIDUAL DIETARY ITEMS -

| Although, wheat andzgo:atpes ﬁawe received appfgvalffor processing by
irradiation in the United States,/;amae:cial opg?a:ians for irradiasing
these dietary items are nomexistent in chi# country. Therefore, the
question arises: To what extemt will individual dietary items be
éubjec:ed to ;rocessing:by irradiation? Forigxzmpla,rmangues will
probably ounly be eradigte& fﬁr disinfgs:aticuﬂfag éxpott purposes. Fresh
£ish intended for local:consump;iqu/mzy not be'irra&iagad;\hcwevez, fish
intended for shipment to other pafzs of the country may be irradiated in
order to exténd shelf life. At pnﬂéea:, there are no reliable data
available to indicate to what extent any individualkdiecéry i:;m will be

w;?x‘ irradiztad. Thus, it i§~ccnservatively assumédw:hat if a dietary item is

3
4
i

b 'approved for irradiaéicn, the proportion of the diet comstituted by that — — —— -
dietary item will be 100 percent irradiated.

In summary, the United States has approved irradiation for two major
dietary items constitutﬁng approximately 16'9ercanc,e£ the diet,-but — . -
neither is commercially being irrgdia:ed in the United States. The Codex
Alimentarius Commissicnlvill, in':he near futu:a; propose that dietazy
itams repreéen:img 21 pércent of the diet be;apgro&ed«far,irradi;;iog;
Taking into account the éver changing diecar§ habits of the United States
population, the various diataﬁy items that could be zpproved for
irradiation, and the percentages of these‘digcafy itemaywﬁich would

2ctually be irradiated, it is difficult to predict, with any degree of

>

7’!; ' ) s~
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accuracy, the actual amount of irradiated food to which the _populationm

‘k_f’xwill be exposed in the fhraeeabla future. A worst-case estimate would
predxc: that 40 percent of the human diet vuuld consist of irradizted food
Table II plus Table III).
‘+ However, from a prac;ical painﬁ of view, it is anticipatad that the
actual human Exposure wi;l probably not exceed 10 percéu:rof the diet ia
the near future. This :&ugh estimate is based on the fclicwing factors:
1) many years will be required to ggvelop commarical food irradiatios
£acilities for the mass processing of irradiated foods, 2) not 2ll food
approved for irradianion:vill be irradiated due o ecomomic comparisen
with other competing techumiques used in food prncessiﬁg,.e.g. canning azd
refrigeration and, 3) co@sumer/acﬁéptance aE'i:radiz:ed food versus
L™ non=irradiated food is expacted to be low, inizially, due to the stigmz
Esscciated with the term “irradiation." A progrz;/inscituted by the
govarnment or private in&ustrY‘in,an~attampc to educate tﬁe publie, witha
respect Lo :he'safecy7of;irfadiated‘focds; ﬁa?’eacognﬁar,chsidérable T
resistance on the part of the cousymer. Thus,.iftadié:ioﬁvof.majcr
distary items may not be zcceptable as an alternztive method of food
procassing for many years. Ir:adia:éon ¢f minor dietary items such as
spicas may be acceptable to a graatér extent than Irradiation of major
» distary items because of the lower perceived fisk iavelved ia their

lizmited use.

R

e
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ANIMAL DIET CONSIDERATIONS
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DIZTARY RECOMMENDATIONS FOR CHRONIC FEEDING STUDIES WITE iazmzmn FOODS

} In those instances where chromic feeding\cr‘rep:c&ﬁ:tiau studias of an
irradiated product prcvé necessary, it is important to be aware of 2
number of limitatioms wh;ch are isherent ia ehe perscrmance of chronie
studles with irradiated faeds. It is very dsz;cul: £o fead exaggeratad
amounts of huian foods to animals for the purpese of toxigity testing.
When a test animal is fed abnormally iarge a&cu@ts cf\éer:ain focds or
macronutrients; e.g., protein or fats, oﬁ a>chréni;fbasis, the test
species become susceptible to murriticnal disorders, or organ failure
which may in. tum result ia premature mérbidiﬁy and/or mortality of the
test animals. This particular difficu’:y is exeﬁpliﬁiéd by chronic

reedzﬂv studies in the receﬂt past wnzch have substicutad up to

7 ‘(:?s
~ S 3

%hlrty— ive percent of the ncrmal diet with spec1+L:‘irrédiated foods;
é.g., beaf, chicken, potatoes, onion, and papaya. The portion of the diest
substituced (35%), did noﬁ ptcvidelthevfuil,complemenz of nutfien;s
zequired and, in a oumber of instances, studies had to be terminated
————befors complation because of premature murtaliny\aﬁﬁler'mbrbidity.

Iastead of merely suﬁsti:utiugfa partion of’:he,ncfaal diet with a
given irradiated fcod,”it is recomdanded that-a new‘tvpe of dietary

.eglmen be developed Ihe new ragimen would . be based upon supplyiag those

food components and amounts as designated by:ceftai; published

seni -synthetie dietsl. A balance should be astablished whereby the test

species gets the maximum amount of irradiated food consistent with



> f
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. satisfaction of outritiomal requirments. For example, up to fifreen
percent of the rat diet might be protein derived from beef or chicken with

small amounts of casein or cdertaig amino acids added to fulfill the

§$equiréd amounts of individual amino acids as described in the

semi-synthetic dietsl.

This technique would iagvolve analytically identifying and measuring
:‘.:xe various consit:u:en:ﬁ pf a specified food to be irradiated then
determining the maximuquuznni:y vhiéh migh:Tbe,subscitu:ed ints the
synthetic diet mix, while still sﬁpplying all\essentiai,ﬁnt:iants.‘ It
would be essemtial cha:‘develépmen:’of‘:he Eéeéingfprotécals be carriad
out with the close consultation and advice ofvnuc:itional experts who ace

experienced at maintaining experimental animals in long-term studies with

semi =purified dietsz. In order ccimaximize,chg\quanéi:y of irvadiated
food added to the dietary mix, the foods folldwing irradiasion should be

.77 freeze-dried (lyophilized).

s

Lyopailization of the i:radia;ed‘pfoduczﬂwiil éimplifyA§c$ addizion to
the diet, since im this form it méy@be powdéred“and couveniently mixed
with the other distary cémpcnents. ‘Furthermore, :his,&ehyd:a:ion mathod

-- - would have the-additional—advantage of increasing the snabiVi;y of the
irradiated food (reduced poceu:ialifor breakdown by microorgznisms) and is
less destructive tham cooking. While it =may ?efsuggés:ed that this method

will not provide 2 means of testing volatile radiolytic products, in a

practical sease, large zmounts of these radiolytic products are lost

during packagiag, storage or preparation, and thus very small amouats ar

Nl
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cousumed. A low level of concarn for c&&se r&d;clytxc gtcduccs is alse

'*%ndxcacad by the fact cha: they are present even before packagzng, storage

or preparation omly in the ppb range.

It is important that the semi-syathetic diet bes palatable to the
species being tested and tﬁus,»sbavﬂ*term, pilot feeding studies of the
diet should be conducted té.de:erminz its agﬁegﬁ?nce; T§e>caloric density
(digestible energy) of the diet must be within the proper range. If the
caloric deasity of the 4ie:/ng:apid1y growing ;é:s is below 2.9 keal per
cubic centimeter of food, the weanling rac>canqét\aae: its enargy
requirement and its grodth rate ii‘imyai:ed;. Ihe:déily,diatary;i:Cake
of Sp*ague~Daw1ey .emale rats varlei dzm:a:xcally with funct lénal state;

i.e., non~pregmant 10 to 15 g, pregnant 20 g and lactating 30 o 33 g.

Thus, the diatary demands of the :est3speciés will depend upoz the type of
. , (
e

‘cesting. The nmutritional demands of a3 reprnductive or teratogenic study
will obviocusly be differ Tent thanKthcse of a chronic tcxzcz:y study and
these differences iu'uuarxnma;al raquz:ament§'must be cousidered ia the

dietary regimen being developed.



Care must be taken to easure that excessive quancicies of food

vw%provided with a diet vhich was veﬁy high in protein (30 to S0Z for 500

days), significant glomerulosclerosis wasﬁobserveda. - It is recommended

that the following treatment groups be inclﬁded in reproduction studies

with irradiated food products 1) coutrol group ou normal laboratory diet,

2) control group om semi-syuthetic diet, 3) control group on unirradiated

food compoment supplemented to nutritiomal requirements by semi-synthetic

diet, and 4) test group on irradiated food compoment supplemented to

autritional requirments by semi-synthetic diet. Ia other types of

toxicity testing; e.g., chronic studies, a normal laboraztory diet group

m2y not de requir&dz.
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Sciencies, Washiangton, D.C., 1978.
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Bras, G. and Ross, M.E. Kiduey Disease and Nu::i:ioi in the Rat.
Tox. Appl. Pharmacol. 6:247-262, 1964. '
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TESTING

‘- .

- Foods irradiated at doses above 100 Krad and comprising.more than

D.01Z of the diet are estimated to contain BREsﬁin~swffiaiant'Quanticy to

warrant toxicological evaluation. The non~mammalian mutageunicity tasts
cffer g level of sensi:ﬁviﬁy Dot practically attaiﬁaﬁia\i@ whole animal
tests, and recalliang that many URPs may be si:ilar\chadi;gllé £o
substances oé&urring:uaturally in foods, theseytes&s are considered
appropriate tools to eva;uate the potential :arcincgsnigit§ of irradiated
foods. The tests recommended are 1) gene mn:abibns in baétaria, with zand
without metabolic activation, 2) gene mutations in cultured zammalian
cells, 3) DNA zepair injgaunalian cells, and A)Aracaésiva lathal muetatioas
in Drosophils. These test are considerad to be the minimum battary.
Requests for substitutions for anikqf the above tests should be justified
‘?:d will be considerad on a casg by case basis.

Because of the anticipatad low level of individual radiolytic products
present in the vhole i:rédiateﬁ food, charab6Ve'hes:s wust be perfﬁrmad on

extracts in which the concentration of radiolytic sroducts is maximized.

Also, many of the radiolytic products from polysaccharides aand proteinms
will be large molecules and will nof pemetrate the cell membrane in the ino
vitro systems, hence the use of eazyme digests is recemmtended prior to the

councentration of URPs.
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In additiocn to the short-term mutagenicity tests, foods irradiated at

doses above 100 krad must be evaluated in 90-day feeding studias ia &

Qa2 = o

. species (oue rodent, ove non-rodent). The 90~day rodent tes:t should

A

nclude in utero exposﬁﬁe. To assure that zﬁe tgst,aﬁimalsbéra exposed to
the highest concentraaiap~of~r§dioiytic products ?QQsible, the irradiated
food may be lyophilized and inccrpcrat:d‘incq the animal diet at the
highest comceptration that does not compromise the mutritional
requirements of the test species (see\Appezdix,ivy. It is not necessary
to test enzyme digests of the irradiated food in these ta;t# siace each
tast animal provides digestion of food ccn;cia#ZS before systemic
absorption occcurs. Eigher doses of particular radielytic produsts may be
obtained i the selectively extracted a=d concemtrated mzﬁerial,used in
the shoert=-term tests is émplbyed;\hnuever, it is rgczgaiiad that much

S

TeateT quantities would be neasded for in vivo testing and thus wuld mzke

(13

this latter suggestion extremely difficulr and expeasive to effect in an
g3 A :

practical sense.
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Unequivocal negacivé responses in the requiréd\tgs:slﬁi;l be
‘sufficien: to establish;:he*#;fety/af cﬁe irradiated food under test.
~?csi:i§e responses obcaiaed in either or both of the types of required

tests may trigger additiomal evaluatiom. P§si§ive»mutagenic.respauses
suggest potential carcinogenicity and hence would necessitiate the
performance of the chronic mammalian bicassay :ests.  The minimal
requirements for positive mutagenie effect is the obsarvation of positive
responses in at least two of the short-term tasg systems. The ratiomale
for requiring two positives is :c\}eduée :hekprgbability of cenducting
further tests on the basis of akfalse‘posi:i§e oz’ 3 spé:ies specific

response. The results obtaimed in the chromic tests would either comfimm

4

or negate the positive results obtained in the shori~term tests battery
? ,

regazding the carcinogenic pqcancial of the,irradiéﬁed foéd; and, the
re;ults cbtained in the Chrauic tests would Se considered to be defimitive.
In the 90-day studies, z vat{a§y~pf toxicological eandpoints are
evaluated and it is not poséible gépriqri to determine what fqllcw up
tasts may be required. Such de;isiéns can ouly bewﬁadé;upon evaluation of
actual test results. If the results obtained from the studies indicate
teratological or reproductive effects, ﬁhen cﬁe irzadiated food must
underge teratological cegting and/&r :eyrcductiva\cesziggzvia a three
géneraticn reproduction é:udy{V The pve:all'grccgdures'fot«establishing

the safety of an irradiated foed is displayed in Figure 2.
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GENERIC

The earlier section on radiation chemistry-discussed the

-

ﬁeneralizazion that the RPs,ﬁornedfarE*more a2 function of the chemical

composition of the food than FPQ irradiation dose. Thus, foods of a
similar chemical composiﬁioh would be expected fo generate structurally
similar radielytic products. Therefore, whem two or mb:e'chks are of
sufficient siﬁilari:§ vi&h;tespecc\:p both chemical ccmpasiﬁicn (lipids,
¢carbonydrates, proteins ;ndrwater:cbnzén:) and conditions of irradiationm,
they may be viewad ig a geﬁeri;\senge for,reggla:sryfputyqses.

Y.
Comparzbility of radiation conditions is dependent upon the respective
radiation dose, product tempervature gad ambient atmosphere during
irradiation. ‘Hence, toxicologial data abtaingd«frcm a given i;radiated

food item may be applicable for another irradiated foeod in the same

3

~gneric class. In addition, safety data collected from food irradiated at
i ' -

‘s . oy . s v ..
4igh doses are applicable to membérs of the same generic class receiving a

lower dcselz.

This generic policy is an extensiom of the principles sat forth ia the
general policy for evaluating the :&nicicy‘oﬁgi:radiazed/fa@ds and is
based upon the significant research which has been conducted in the areas

of food chemistry ‘and the chemistry of radiolytic products.
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